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PURPOSE: To increase the contrast by using a transparent substrate for the lower 
substrate of a pair of substrate constituting a cell. 

CONSTITUTION: A transparent substrate is used for the rear-side substrate, and 
the reflecting position of the incident rays is located on the surface of the rear 
panel touching the liquid crystal layer. So that the position where the first 
light beam passes through the liquid crystal layer is virtually identical to the 
position where the beam passes through the liquid crystal layer in the second 
time after reflection. And the incident rays to the non-pattern areas such as 
22 and 23 are transmitted from the non-pattern area, and incident rays 24 to 
the pattern area are transmitted from the pattern area respectively. As a result, 
the pattern blur can be eliminated completely, and the contrast can be in- 
creased greatly between the pattern area and the non-pattern area. 
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(54) ALARM DEVICE 

(11) KokaiNo. 53-120300 (43) 10.20.1978 (19) JP 
(21) Appl. No. 52-34411 (22) 3.30.1977 

(71) HITACHI SEISAKUSHO K.K. (72) MASAYUKI MIKI(l) 

(52) JPC: 101F0;54(7)B01 

(51) Int. CP. G08B23/00//G05B23/02 

PURPOSE: To. secure a stepped alarming during the time from the safety state to 
the abnormal state, by controlling the cycle of the display element in accord- 
ance with the operation state. 

CONSTITUTION: The voltage signal is delivered from voltage growing circuit 1 

in accordance with the fact that the running state is the safety region or plural 
caution regions. Then the signal of a cycle corresponding to the voltage is gen- 
erated from driving circuit 2, and thus the lighting cycle of the liquid crystal 
is controlled at display part 3. 




(54) CHANNEL SELECTOR 

(11) Kokai No. 53-120304 (43) 10.20.1978 (19) JP 
(21) Appl. No. 52-35979 (22) 3.30.1977 
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PURPOSE: To enable a FM radio set to select the only desired station by setting 
its dial pointer to the pre-setter. 

CONSTITUTION: Presetters 10a, 10b and 10c are set to respective positions on 
dial scale 8a corresponding to desired station and dial pointer 9 is moved. 
When pointer 9 does not correspond to any pointer, one signal can be obtained 
at output terminal 9c of photo detector 9a, the 1st control signal can be also 
obtained at the output side of level detection circuit 14, and muting circuit 5 
starts operating, so that no output will be obtained at terminals 6L and 6R. 
For example, when pointer 9 coincides with presetter 10a, photo detector 9a 
and luminous element 9b are screened, the 2nd signal can be obtained at 
terminal 9c, the muting operation is released by the 2nd control signal output 
of circuit 14, so that the regenerated signal of the desired station can be 
obtained at terminals 6L and 6R. 
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Japanese Patent Application Laid-Open No. 53-120299 



SPECIFICATION 

Title of the Invention 

Liquid Crystal Display Device 

Claims 

1 . A liquid crystal display device having a liquid 
crystal composition with a dichroic dye added therein sealed 
in a liquid crystal display cell characterized in that an opaque 
substrate is used as the lower substrate among a pair of 
substrates comprising the cell. 

2 . The liquid crystal display device according to claim 
1, characterized in that a milky glass substrate is used as 
the lower substrate. 

3 . The liquid crystal display device according to claim 
1, characterized in that a white ceramic substrate is used as 
the lower substrate. 

4 . The liquid crystal display device according to claim 
1, characterized in that a colored opaque glass substrate is 
used as the lower substrate. 

5 . The liquid crystal display device according to claim 
1, characterized in that a milky plastic substrate is used as 
the lower substrate. 

6 . The liquid crystal display device according to claim 
1, characterized in that a colored opaque plastic substrate 
is used as the lower substrate. 
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7. The liquid crystal display device according to any 
one of claims 1 to 6, characterized in that a nematic liquid 
crystal composition having a positive dielectric anisotropy 
is used as the liquid crystal composition. 

8. The liquid crystal display device according to any 
one of claims 1 to 6, characterized in that a mixture of a nematic 
liquid crystal composition having a positive dielectric 
anisotropy and an optically active substance is used as the 
liquid crystal composition. 

9. The liquid crystal display device according to any 
one of claims 1 to 6 , characterized in that a mixture of a nematic 
liquid crystal composition having a positive dielectric 
anisotropy and a cholesteric liquid crystal is used as the 
liquid crystal composition. 

10. The liquid crystal display device according to any 
one of claims 1 to 9, characterized in that the surface to be 
contacted with the liquid crystal thin layer of the pair of 
substrates comprising the liquid crystal cell is applied with 
the surface treatment for horizontally orienting the liquid 
crystal molecules in a certain direction. 

11. The liquid crystal display device according to any 
one of claims 1 to 6, 8 and 9, characterized in that the surface 
to be contacted with the liquid crystal thin layer of the pair 
of substrates comprising the liquid crystal cell is applied 
with the surface treatment for vertically orienting the liquid 
crystal molecules. 

12. The liquid crystal display device according to any 
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one of claims 1 to 6 and 11, characterized in that a comb- 
like electrode pattern is formed in at least either one of the 
pair of substrates comprising the liquid crystal cell, and 
further, a nematic liquid crystal composition having a positive 
dielectric anisotropy is used as the liquid crystal 
composition. 

13. The liquid crystal display device according to any 
one of claims 1 to 6 and 11, characterized in that a nematic 
liquid crystal composition having a negative dielectric 
anisotropy is used as the liquid crystal composition. 

14. The liquid crystal display device according to any 
one of claims 1 to 14, characterized in that one kind of or 
optional two or more kinds of the below-mentioned substances 
are mixed and used as the dichroic dye. 

N Oi (^j|^N~JfQH H • . C« H» 
/OB, 

X' X CHi 

* (SX S >-(CH-C3)i-< 8 >-S 

C, H« 

N C ( Hi 

• (ptT S >«CH~CH -< 8 >«S 

Ci H. 

CtKiOOO H— mOn-mQh-c HOO c, h* 
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Detailed Description of the Invention 

The present invention relates to a liquid crystal 
display device, in particular, to a liquid crystal display 
device for color display by using a liquid crystal composition 
with a dichroic dye added therein, that is, utilizing the guest 
host effect. 

An object of the present invention is to realize a 
liquid crystal display device capable of providing vivid color 
display. 

The guest host effect is for display by sealing a liquid 
crystal with a dye added therein in a liquid crystal cell so 
that the dye orientation is controlled at the same time by 
controlling the molecular orientation of the liquid crystal 
by the electric field. Since a mixture of a dye (guest) in a 
liquid crystal as the mother body (host) is used, this name 
is applied. Now a method of using a nematic liquid crystal as 
the host liquid crystal and a method of using a liquid crystal 
to have the phase transition from the cholesteric phase to the 
nematic phase by the electric field application exist, however, 
since the basic idea is the same in either case, an example 
of the case of using a nematic liquid crystal as the host will 
be presented for the explanation of the display principal 
thereof. 

FIG. 1 is a diagram of the principal of the guest host 
effect. FIG. la shows the state without the electric field 
application. At the time, liquid crystal molecules 2 and dye 
molecules 3 sandwiched between substrates 1 are in the 
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horizontally oriented state. Since the dye molecules absorb 
a light beam of a certain wavelength from the incident light, 
they are in the colored state. Then, when the electric field 
is applied between electrodes 4 as shown in FIG. lb, in the 
case the liquid crystal molecules have a positive dielectric 
anisotropy, the liquid crystal molecules in this portion are 
in the vertically oriented state. The dye molecules are in the 
vertically oriented state accordingly. Since the dye 
molecules do not absorb a light beam, the liquid crystal layer 
in this portion is in the transparent state. Therefore, the 
electrically optical display can be enabled. 

The above-mentioned is the principal explanation for 
the guest host effect. Simply speaking, the contrast between 
the state of the liquid crystal and dye molecules oriented 
vertically and the state oriented horizontally is utilized. 
Therefore, display can be effected as long as the orientation 
of the liquid crystal and dye molecules is controlled also by 
any means other than the above-mentioned method. As an example 
of such a method, a method of using a liquid crystal composition 
to have the phase transition from the cholesteric phase to the 
nematic phase by the electric field application can be presented. 
In this case, the principal is substantially the same as the 
above-mentioned method, but it differs only in having the 
cholesteric structure in state without the electric field 
application. As a liquid crystal composition to be used in this 
method, the following are conceivable. 

1. One prepared by mixing a cholesteric liquid crystal 
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such as cholestolylnonanoate, or the like to a nematic liquid 
crystal composition having a positive dielectric anisotropy. 

2 . One prepared by mixing an optically active substance 
called a chiral nematic liquid crystal such as 4 cyano-4 ' - 
(2 methyl butyl) biphenyl, or the like to a nematic liquid 
crystal composition having a positive dielectric anisotropy. 

As another method of controlling the orientation of the 
liquid crystal, dye molecules, a method of having a nematic 
liquid crystal composition having a negative dielectric 
anisotropy as the host can be presented. In this case, the 
liquid crystal cell is applied with the vertical orientation 
treatment so that the liquid crystal , dye molecules are oriented 
vertically at the time of applying the electric field. At the 
time, the cell is in the transparent state. When the electric 
field is applied to such a cell, since the liquid crystal 
molecules have a negative dielectric anisotropy, the liquid 
crystal, dye molecules are oriented horizontally or in the 
so-called dynamic scattered mode (DSM) so as to be observed 
with a color. 

As another method for the orientation control of the 
liquid crystal, dye molecules, a method of using a comb-like 
electrode can be presented. As shown in FIG. 2a, a nematic 
liquid crystal composition having a positive dielectric 
anisotropy is used, and a mixture with a dye vertically oriented 
is sealed in a cell. At the time, the cell is in the transparent 
state. When the electric field is applied between the 
electrodes 8, 8 1 , 8' 1 and 9, 9' ' formed with a comb-like shape, 
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the electric field is generated between the comb-like 
electrodes 8, 8', 8'' and 9, 9' 1 so that the liquid crystal 
molecules 6 and the dye molecules 7 are in the molecular 
orientation state as shown in the figure according to the 
electric field distribution. 

At the time, the liquid crystal, dye molecules are 
partially in the horizontally oriented state with respect to 
the substrate, and thus in the colored state. 

The present invention has an extremely large effect for 
improvement of the contrast when a display applied with the 
various kinds of the guest host effect mentioned above is used 
as the reflection type display. In either of liquid display 
devices conventionally supplied for the practice, transparent 
substrates have been used as a pair of substrates comprising 
the cell. Since it is most advantageous to use the transparent 
substrates in terms of both cost and contrast, and thus it is 
natural. However, in the case of a reflection type guest host 
display, for improving the contrast, a much more vivid contrast 
can be obtained by using an opaque substrate as the rear side 
substrate rather then using a transparent substrate. The 
reason thereof can be explained in comparison with a 
conventional example as follows. 

FIG. 3 shows the conventional case of using a 
transparent substrate as the rear side substrate, and FIG. 4 
shows the case of using an opaque substrate according to the 
present invention. In FIGS. 3 and 4, numerals 10, 18 denote 
a front substrate, 11, 19 a rear substrate, and 12, 20 a liquid 



7 



crystal layer. Since the liquid crystal layer has a thickness 
of about 10 micron meters at most, and thus can be ignorable 
with respect to the substrate thickness, it is described as 
a line as shown in the figure. Numeral 13, 21 show the portion 
of a display pattern in the lit state. This portion is in the 
transparent state among the liquid crystal layer. Numeral 14 
denotes an irregular reflection plate. Numerals 15, 16, 17 and 
22, 23, 24 show the path of a light beam. In the conventional 
example of FIG. 3, a light beam at the portion far from a pattern 
like a light beam 15 is incident on a non-pattern portion of 
the liquid crystal layer, reflected by 14 and again goes out 
from the non-pattern portion. However, a light beam in the 
vicinity of the pattern portion is not like that. Numeral 16 
shows the path of a light beam passing the non-pattern portion 
first, and after reflection, passing the pattern portion. On 
the other hand, numeral 17 shows the path of a light beam passing 
the pattern portion first, and after reflection, passing the 
non-pattern portion. Since a light beam passing through the 
path of 16 is colored at the time of passing the liquid crystal 
layer for the first time, the effect of coloring the pattern 
portion 13, which should be transparent, is caused. Moreover, 
a light beam passing through the path of 17, conversely, causes 
the effect of thinning the degree of coloring in the non-pattern 
portion, which should be colored. Therefore, existence of the 
light beam paths means decline of the contrast of the display 
pattern. On the other hand, in the case of using an opaque 
substrate for the rear side substrate according to the present 
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invention shown in FIG, 4, the light beam paths like 16, 17 
are substantially eliminated. This is because the position at 
which the incident light is reflected is on the surface of the 
rear panel contacting with the liquid crystal layer, the 
position of the light beam passing the liquid crystal layer 
for the first time and the position of passing the liquid crystal 
layer for the second time after reflection are extremely close, 
and are substantially the same point. As shown in the figure, 
incident lights on the non-pattern portion such as 22, 23 go 
out from the non-pattern portion, and an incident light 2 4 on 
the pattern portion such as 24 goes out from the pattern portion. 
In the case of a light beam with the path 23, if the substrate 
is transparent, the second passing position becomes the pattern 
portion. In the case of a light beam with the path 24, 
conversely, the non-pattern portion becomes the second passing 
portion. Therefore, according to the present invention, since 
a portion having an intermediate contrast existed at the 
boundary of the pattern portion and the non-pattern portion 
in the conventional method can be eliminated, blur of the 
pattern disappears completely so that the contrast between the 
pattern portion and the non-pattern portion becomes extremely 
high. As the material for the rear side substrate for 
comprising a liquid crystal display device according to the 
present invention characterized in the extremely high contrast 
in the display as mentioned above, white substrates including 
a milky glass plate, a white ceramic plate, a milky plastic 
plate, or the like, colored glass plate, plastic plate, or the 
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like, that is, any opaque substrates can be used. In the case 
a white substrate is used, a white pattern is displayed on the 
background according to the dye color, or a colored pattern 
according to the dye color is displayed on the white background. 
Moreover, in the case a colored opaque substrate is used, the 
substrate color differs depending on the dye color to be used, 
but both red color and blue color dyes provide a good contrast 
with a yellow substrate. Of course substrates of other colors 
can be used optionally. Furthermore, examples of a dichroic 
dye to be used in a liquid crystal display device according 
to the present invention include the f ollowings . 
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Hereinafter examples are described. 
Example 1 

One prepared by adding a slight amount of the dye A shown 
in Table 1 to a liquid crystal composition prepared by mixing 
5% of an optically active substance 4-cyano-4 ' - (2 methyl butyl) 
biphenyl to a biphenyl nematic liquid crystal GR-4 having a 
positive dielectric anisotropy (produced by Chisso Corp. ) was 
injected to a liquid crystal cell for a wrist watch using a 
milky glass plate as the rear side substrate. At the time, the 
cell was applied with the surface treatment completely the same 
as the case of a twisted nematic display. When the cell was 
lit, a white pattern was displayed with an extremely good 
contrast on an orange background. One having the same liquid 
crystal composition sealed with a transparent rear side 
substrate produced at the same time has a dark display pattern 
and a good contrast was not shown. 
Example 2 

A liquid crystal composition prepared similarly by 
adding a slight amount of the dye D shown in Table 1 as the 
guest to one prepared by mixing 5% of 4-cyano-4 1 - ( 2 methyl 
butyl) biphenyl to the nematic liquid crystal GR-4 (produced 
by Chisso Corp. ) as the host was sealed in a cell using a yellow 
substrate as the rear side substrate. At the time, the cell 
was applied with the surface treatment completely the same as 
the case of a twisted nematic display. In this case, an yellow 
pattern was displayed with a good contrast on a blue background. 
Example 3 
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A liquid crystal composition prepared by adding a 
slight amount of the dye C shown in Table 1 to the nematic liquid 
crystal GR-4 is sealed in a cell having a display pattern by 
a comb-like electrode. As the rear side substrate for the cell, 
a white ceramic substrate is used, and further, the inner 
surface of the cell was applied with the surface treatment for 
vertically orienting the liquid crystal molecules. When the 
electric field is applied to the comb-like electrode pattern, 
an orange red pattern was displayed with a good contrast on 
a white background. Moreover, when a polarizing filter is 
attached on the surface of the same cell, although the 
brightness of the display is lowered, the coloring state became 
further vivid. 
Example 4 

The liquid crystal composition the same as Example 3 
was sealed in a cell using a white glass substrate as the rear 
side substrate. The inner surface of the cell was applied with 
the horizontal orientation treatment. When the cell was in the 
lit state, a white pattern was displayed with an extremely good 
contrast on an orange red background. Moreover, when a 
polarizing filter is attached on the surface of the cell, 
although the brightness of the display is lowered, the coloring 
state became further vivid. 

As heretofore mentioned, according to the present 
invention, contrast of any liquid crystal display device 
applied with the guest host effect can be improved drastically 
compared with the conventional methods. And thus liquid 
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crystal display devices according to the present invention are 
expected to be put into a practical use as the display device 
for various applications, mainly for electronic wrist watches, 
electronic calculators, various kinds of portable measuring 
instruments, or the like in the future. 
Brief Description of the Drawings 

FIG, 1 is a diagram for explaining the guest host 

effect. 

FIG. 2 is a diagram showing the display principal of 
the guest host method using a comb-like electrode. 

FIG. 3 shows the structure of a conventional reflection 
type cell of the guest host method using a transparent substrate 
as the rear side substrate. FIG. 4 shows the structure of a 
guest host method cell according to the present invention. 



1 substrate 

2 host liguid crystal molecule 

3 guest dye molecule 

4 electrode 

5 power source 

6 host liquid crystal molecule 

7 guest dye molecule 

8, 8', 8'', 9, 9' 1 electrode 

10 front side substrate 

11 rear side substrate 

12 liquid crystal layer 

13 display pattern portion 

14 irregular reflection plate 
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15, 16 , 17 passing path of a light beam 

18 front side substrate 

19 rear side opaque substrate 

20 liquid crystal layer 

21 display pattern portion 

22, 23, 24 passing path of a light beam 
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